TITLE OF THE INVENTION 
LIGHT BEAM SCANNING APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to an image forming 
apparatus such as a digital copying machine or laser 
printer for scanning and exposing a single light beam 
or a plurality of light beams emitted from a semicon- 
ductor laser on a photosensitive drum surface to form a 
single electrostatic latent image on the photosensitive 
drum and more particularly to a light beam scanning 
apparatus provided on the image forming apparatus for 
scanning the single light beam or the plurality of 
light beams . 

in recent years, various types of digital copying 
machines for forming an image by scanning and exposing 
the light beam and using the electrophotographic 
process are developed. Recently, in order to further 
enhance the image forming speed, a multi-beam type 
digital copying machine in which a plurality of light 
beams are emitted to simultaneously scan a plurality of 
lines by use of the plurality of light beams has been 
developed. 

The multi-beam type digital copying machine 
includes an optical system unit as a light beam 
scanning apparatus having a plurality of semiconductor 
laser oscillators for emitting light beams, a polygonal 
rotating mirror such as a polygon mirror for reflecting 
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the light beams output from the plurality of semicon- 
ductor laser oscillators towards the photosensitive 
drum and scanning the photosensitive drum by the light 
beams and a collimator lens and f- Q lens as main 
5 components . 

Conventionally, in the above multi-beam type 
digital copying machine, control of the exposure 
position of the light beam in the main scanning 
direction and control of the exposure position in the 
10 sub-the main scanning direction (that is, control of 

the passage position of the light beam) are effected in 
the optical system unit in order to form an image with 
high image quality. 

A concrete example of the above technique is 
15 disclosed in, for example, Japanese Pat. Appln. KOKOKU 

Publication No. 1-43294, Japanese Pat. Appln. KOKOKU 
Publication No. 3-57452, Japanese Pat. Appln. KOKOKU 
Publication No. 3-57453, Japanese UM. Appln". KOKOKU 
Publication No. 5-32824, Japanese Pat. Appln. KOKAI 
20 Publication No. 7-72399, Japanese Pat- Appln. KOKAI 

Publication No. 7-228000, Japanese Pat. Appln. KOKAI 
Publication No. 9-210849, Japanese Pat. Appln. KOKAI 
Publication No. 9-258125, Japanese Pat. Appln. KOKAI 
Publication No. 9-314901 and Japanese Pat. Appln. KOKAI 
25 Publication No. 10-76704. However, the techniques 

disclosed in the above publications have the following 
problems . 
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That is, for control of the light beam exposure 
position in the main scanning .direction, it is 
important to mount a light beam detecting device 
constructed by a plurality of optical sensors in 
5 a preset direction with respect to the main scanning 

direction of the light beam. That is, if the light 
beam detecting device is mounted in an inclined state, 
it becomes impossible to correctly detect the light 
beam position in the main scanning direction and, for 

10 example, there occurs a problem that a vertical line 

cannot be drawn straight. 

However, an example indicating that the sensor 
itself has a function of detecting the relation between 
the mounting direction of the light beam detecting 

15 device and the main scanning direction of the light 

beam is disclosed only in Japanese Pat. Appln. KOKAI 
Publication No. 9-314901. Even in this example, the 
inclination detecting range is extremely narrow and 
there occurs a problem that detection and adjustment 

20 of the light beam position are difficult. 

For control of the light beam position in the 
sub-scanning direction, examples in which the passage 
position of the light beam in the sub-scanning 
direction is replaced by time at which the light beam 

25 passes the sensor and detected are disclosed in 

Japanese Pat. Appln. KOKAI Publication No. 7-72399, 
Japanese Pat. Appln. KOKAI Publication No. 7-228000 and 



Japanese Pat. Appln. KOKAI Publication No. 9-210849. 

However, if a variation occurs in the f-d . 
characteristic of the f- 9 lens mounted on the optical 
system unit or a variation occurs in the rotation speed 
5 of the polygon mirror, then a variation will occur in 
the scanning speed of the light beam on the sensor and 
a detection error may occur when the detection method 
based on the passage time of the light beam is used. 

Further, in Japanese Pat. Appln. KOKAI Publication 

10 No. 9-258125, Japanese Pat, Appln. KOKAI Publication 

No. 9-314901 and Japanese Pat. Appln. KOKAI Publication 
No. 10-76704, examples in which the passage position 
of the light beam is driven into a portion between 
specified sensor patterns formed on the light beam 

15 detecting device to set the passage position of the 

light beam in a preset position are shown. However, 
with this construction, it is necessary to independ- 
ently drive the light beams to the preset passage 
position and actuators for controlling the passage 

20 positions of the light beams are required by a number 

corresponding to the number of light beams. That is, 
in comparison with a case wherein one light beam is 
used as a reference and the passage positions of the 
remaining light beams are controlled, the number of 

25 actuators is larger by one and the cost becomes higher. 

Further, if the detecting pattern for driving 
the light beam to the preset position is used, the 
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precision of detection is high, but a range (detection 
range) in which each sensor output of the detecting 
pattern varies with a variation in the passage position 
of the light beam is narrow. Therefore, the control 
5 process becomes complicated and time for the control 

process becomes long. 

If it is possible to control the passage position 
=^ of each light beam for a plurality of resolutions, the 

~ number of sensor patterns for driving each light beam 

10 is increased and the structure of the sensor becomes 

^ complicated. 

^ BRIEF SUMMARY OF THE INVENTION 

A first object of this invention is to provide a 
=i light beam scanning apparatus capable of enlarging the 

~ 15 range (detection range) in which one sensor can respond 

to a variation in the passage position of a light beam, 
simplifying the control process and enhancing the 
control operation speed. 

A second object of this invention is to provide 
20 a light beam scanning apparatus in which the number of 

actuators such as galvanomirrors for controlling the 
passage positions of the light beams is suppressed. 

A third object of this invention is to provide 
a light beam scanning apparatus capable of coping with 
25 a plurality of resolutions with the simple sensor 

construction . 

A fourth object of this invention is to provide 



a light beam scanning apparatus having a sensor for 
detecting the mounting inclination of the light beam 
detecting device with respect to the main scanning 
direction of the light beam in a wide range in the 
light beam detecting device . 

A fifth object of this invention is to provide 
a light beam scanning apparatus capable of precisely 
detecting the passage position of the light beam 
irrespective of the scanning speed of the light beam 
on the sensor. 

In order to achieve the above objects, according 
to one aspect of the present invention, there is 
provided a light beam scanning apparatus comprising: 
light beam emitting means for outputting a light beam; 
a beam scanner for reflecting the light beam output 
from the light beam emitting device towards a to-be- 
scanned surface to scan the to-be-scanned surface by 
use of the light beam in a main scanning direction; 
a first beam position detector for detecting the light 
beam scanned on the to-be-scanned surface by the beam 
scanner and generating an analog signal which is 
continuously changed with a variation in the passage 
position in a sub-scanning direction perpendicular to 
the main scanning direction of the light beam; and 
controller for controlling the position of the light 
beam scanned by the beam scanner on the to-be-scanned 
surface to a preset position based on the result of 
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detection of the first beam position detector. 

Further, according to this invention, a plurality 
of light beam emitting devices are provided and the 
beam scanner scans the to-be-scanned surface* by use of 
5 a plurality of light beams emitted from the plurality 

of light beam emitting devices. The scanning apparatus 
further comprises light beam passage position changing 
1^ means of a number smaller than the number of the 

5 plurality of light beam emitting devices by one, for 

Zl 10 changing the passage position of the light beam in the 

S sub-scanning direction. The controller determines one 

" of the plurality of light beams as a reference beam and 

51 changing the relative passage position of the remaining 

light beams with respect to the passage position of the 
S 15 reference light beam by use of the light beam passage 

position changing means. 

Therefore, the number of actuators such as 
galvanomirrors for controlling the passage positions 
of the light beams can be suppressed. Further, the 
20 relative passage positions of the plurality of light 

beams can be precisely detected irrespective of the 
scanning speed of the light beam on the sensor. 

According to another aspect of the present 
invention, there is provided a light beam scanning 
25 apparatus comprising: a plurality of light beam 

emitting devices for outputting light beams; a beam 
scanner for reflecting the light beams output from the 



light beam emitting devices towards a to-be-scanned 
surface to scan the to-be-scanned surface by use of the 
light beams in a main scanning direction; a first beam 
position detector for detecting the light beam scanned 
5 on the to-be-scanned surface by the beam scanner and 

generating an analog signal which is continuously 
changed with a variation in the passage position in 
a sub-scanning direction perpendicular to the main 
scanning direction of the light beam; a first target 

10 light detecting member having a first passage target 

and disposed separately from the first beam position 
detector in the main scanning direction; a second 
target light detecting member having a second passage 
target separated from the first passage target in the 

15 sub-scanning direction by a distance corresponding to 

preset resolution; light beam passage position changing 
means for changing the passage position of at least one 
of the plurality of light beams; and a controller for 
controlling the relation of the respective passage 

20 positions of the plurality of light beams to a preset 

relation by use of the light beam passage position 
changing means based on the outputs of the first beam 
position detector respectively obtained when the light 
beam has passed through the first and second passage 

25 targets. 

There is further provided a light beam scanning 
apparatus the above, wherein the controller includes: 
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calculating means for calculating a difference between 
the outputs of the first beam position detector 
respectively obtained when the light beam has passed 
through the first and second passage targets; and means 
5 for changing the passage position of one of first and 

second light beams among the plurality of light beams 
by use of the first beam passage position changing 
means to set the difference calculated by the calculat- 
ing means equal to a difference between outputs of the 

10 beam position detector respectively obtained at the 

time of scanning by the first and second light beams. 

There is further provided a light beam scanning 
apparatus the above, wherein the first beam position 
detector includes second and third beam position 

15 detectors; the second beam position detector generates 

an output which continuously decreases with a variation 
in the passage position of the light beam in the sub- 
scanning direction, the third beam position" detector 
is disposed separately from the second beam position 

20 detector in the sub-scanning direction and generates 

an output which continuously increases with a variation 
in the passage position of the light beam, and the 
controller controls the passage position of the light 
beam to a preset position based on the results of 

25 detection of the second and third beam position 

detectors . 

There is further provided a light beam scanning 
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apparatus the above, further comprising: a fifth beam 
position detector disposed separately from the second 
and third beam position detectors in the main scanning 
direction, for detecting the light beam used for 
5 scanning the to-be-scanned surface by the beam scanner 

and generating an output which continuously decreases 
with a variation in the passage position of the light 
beam; a sixth beam position detector disposed adjacent 
~f to the fifth beam position detector in the sub-scanning 

^: 10 direction, for detecting the light beam used for 

scanning the to-be-scanned surface by the beam scanner 
^ and generating an output which continuously increases 

Q with a variation in the passage position of the light 

ly 

P beam; and inclination detecting means for detecting 

m 

□ 15 whole inclinations of the second to sixth beam position 

fy 

detectors with respect to the scanning direction of the 
light beam based on the results of detection of the 
second, third, fifth and sixth beam position detectors. 
Additional objects and advantages of the invention 
20 will be set forth in the description which follows, and 

in part will be obvious from the description, or may 
be learned by practice of the invention. The objects 
and advantages of the invention may be realized and 
obtained by means of the instrumentalities and combina- 
25 tions particularly pointed out hereinafter. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
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in and constitute a part of the specification, illust- 
rate presently preferred embodiments of the invention, 
and together with the general description given above 
and the detailed description of the preferred embodi- 
5 ments given below, serve to explain the principles of 

the invention. 

FIG. 1 is a structural view schematically showing 
the structure of a digital copying machine according to 
an embodiment of this invention; 
10 FIG. 2 is a view showing the positional relation 

between the structure of the optical system unit and 
the photosensitive drum; 

FIG. 3 is a block diagram showing the control 
system including an optical system control section as 
15 a main portion; 

FIG. 4 is a structural view schematically showing 
the structure of a light beam detecting device; 

FIG. 5 is a block diagram showing the control 
system for illustrating a method for extracting passage 
2 0 position information of the light beam and controlling 

the galvanomirror based on an output from the light 
beam detecting device shown in FIG. 5; 

FIGS. 6A to 6C are diagram showing the relation 
between the passage position of the light beam, outputs 
25 of the sensor patterns of the light beam detecting 

device, an output of a differential amplifier, and 
an output of an integrator; 
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FIG. 7 is a graph showing the relation between 
the passage position of the light beam and an output 
voltage of the integrator; 

FIG. 8 is a graph for illustrating a method for 
5 detecting the passage position of the light beam with 

high resolution set for a necessary portion; 

FIG. 9 is a structural view schematically showing 
another example of the structure of the light beam 
detecting device; 
10 FIG. 10 is a structural view schematically showing 

still another example of the structure of the light 
beam detecting device; 

FIG. 11 is a structural view schematically showing 
another example of the structure of the light beam 
15 detecting device; 

FIG. 12 is a structural view schematically showing 
another example of the structure of the light beam 
detecting device; 

FIG, 13 is a block diagram of a control system for 
2 0 illustrating the light beam passage position control 

process using the light beam detecting device of 
FIG. 12; 

FIG. 14 is a diagram for illustrating the relation 
between the position of the sensor pattern in the light 
25 beam detecting device of FIG. 12 and an output thereof; 

FIG. 15 is a structural view schematically showing 
still another example of the structure of the light 
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beam detecting device; 

FIGS. 16A and 16B are views for illustrating the 
sizes of sensor patterns in the light beam detecting 
device of FIG. 15; 
5 FIG. 17 is a flowchart for illustrating a method 

for making it possible to detect both of the absolute 
light beam passage position and relative positional 
relation by use of the light beam detecting device of 
FIG. 15? 

10 FIG. 18 is a structural view schematically showing 

another example of the structure of the light beam 
detecting device; 

FIG. 19 is a view for illustrating the size of 
sensor pattern in the light beam detecting device of 
15 FIG, 18; 

FIG. 20 is a flowchart for illustrating the light 
beam passage position control process using the light 
beam detecting device of FIG. 18; 

FIG. 21 is a structural view schematically showing 
20 still another example of the structure of the light 

beam detecting device; 

FIGS. 22A and 22B are views for illustrating the 
sizes of sensor patterns in the light beam detecting 
device of FIG. 21; and 
25 FIG. 2 3 is a structural view schematically showing 

another example of the structure of the light beam 
detecting device. 
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DETAILED DESCRIPTION OF THE INVENTION 
There will now be described an embodiment of this 
invention with reference to the accompanying drawings . 
FIG. 1 schematically shows the structure of 
5 a digital copying machine used as an image forming 

apparatus to which a light beam scanning apparatus 
according to an embodiment of this invention is applied. 
That is, the digital copying machine includes, for 
example, a scanner section 1 used as image reading 

10 means and a printer section 2 used as image forming 

means. The scanner section 1 includes a first carriage 
3 and second carriage 4 movable in a direction 
indicated by an arrow in FIG. 1, image forming lens 5 
and photoelectric conversion device 6. 

15 In FIG. If an original O is placed on an original 

table 7 formed of transparent glass with the front 
surface down and the front right side in the short-side 
direction of the original table 7 is set as" the center 
reference for the reference of placement of the 

20 original 0. The original 0 is pressed on the original 

table 7 by an original fixing cover 8 freely set in the 
open/closed state. 

The original O is illuminated by a light source 9 
and reflected light from the original is converged onto 

25 the light receiving surface of the photoelectric 

conversion device 6 via mirrors 10, 11, 12 and image 
forming lens 5. The first carriage 3 having the light 



source 9 and mirror 10 mounted thereon and the second 
carriage 4 haVing the mirrors 11, 12 mounted thereon 
are moved in a relative speed of 2:1 to set the length 
of the optical path constant. The first carriage 3 and 
second carriage 4 are moved from the right side to the 
left side in synchronism with a read timing signal by 
a carriage driving motor (not shown) . 

The image of the original 0 thus placed on the 
original table 7 is sequentially read for each line by 
the scanner section 1 and a read output is converted 
into an 8-bit digital image signal indicating the 
density of the image in an image processing apparatus 
(not shown) . 

The printer section 2 includes an image forming 
section 14 having a combination of an optical system 
unit 13 and an electrophotographic system capable of 
forming the image on paper P which is an image forming 
medium. That is, an image signal read from the 
original O by the scanner section 1 is converted to a 
light beam (which is hereinafter simply referred to as 
a light beam) from the semiconductor laser oscillator 
after it is processed in the image processing section 
(not shown). In this embodiment, a multi-beam optical 
system using a plurality of (two or more) semiconductor 
laser oscillators is used. 

The construction of the optical system unit 13 
is explained later in detail, but a plurality of 
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semiconductor laser oscillators provided in the 
unit effect the light emitting operation according to 
a laser modulation signal output from the image 
processing section (not shown) and a plurality of light 
5 beams emitted from the laser oscillators are reflected 

by the polygon mirror, used as scanning lights and 
output to the exterior of the unit. 

A plurality of light beams emitted from the 
optical system unit 13 are converged as the scanning 

m 

r: 10 light of a spot having necessary resolution on a point 

^; of the exposing position X on the photosensitive drum 

ffi used as an image carrier and scanned for exposure. 

O As a result, an electrostatic latent image correspond- 

[y 

O ing to an image signal is formed on the photosensitive 

IB 

O 15 drum 15. 

An electric charger 16 for charging the surface 
of the photosensitive drum 15, developing unit 17, 
transfer charger 18, separation charger 19,"- cleaner 20 
and the like are arranged around the photosensitive 
20 drum 15. The photosensitive drum 15 is rotated at 

a preset circumferential speed by a driving motor (not 
shown) and charged by the electric charger 16 set to 
face the surface thereof. A plurality of light beams 
(scanning light) are converged in a spot form on the 
25 point of exposure position X on the charged photo- 

sensitive drum 15. 

The electrostatic latent image formed on the 
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photosensitive drum is developed by use of toner 
(developing agent) from the developing unit 17. 
The toner image formed on the photosensitive drum 15 
by the development process is transferred tcT paper P 
5 supplied at adequate timing by the paper feeding system 

on a point of the transferring position by the transfer 
charger 18. 

The paper feeding system separately feeds sheets 
of paper P in the paper feeding cassette 21 provided 

10 in the bottom portion for each sheet by use of a paper 

feeding roller 22 and separation roller 23. Then, the 
paper is fed to a resist roller 24 and supplied to the 
transfer position at preset timing. On the downstream 
side with respect to the transfer charger 18, a paper 

15 feeding mechanism 25, fixing unit 26 and a paper 

discharging roller 2 7 for discharging paper P which 
has been subjected to the image forming process are 
provided. With this construction, the tonei: image 
on the paper P on which the toner image has been 

2 0 transferred is fixed by the fixing unit 26 and then the 

paper P is discharged to an external paper discharging 
tray 2 8 via the paper discharging roller 27. 

The remaining toner on the surface of the 
photosensitive drum 15 from which the image has been 

25 transferred to the paper P is removed by the cleaner 20, 

and it is restored into the initial state and set into 
the standby state for formation of a next image. 
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The above operation is repeatedly effected to 
continuously effect the image forming operation. 

As described above, the original O placed on the 
original table 7 is read by the scanner section 1 and 
5 information read by the scanner section is subjected to 

a series of processes in the printer section 2 and then 
recorded on the paper p as a toner image. 

Next, the optical system unit 13 is explained. 

n 

5 FIG. 2 shows the positional relation between the 

10 structure of the optical system unit 13 and the photo- 

S sensitive drum 15. The optical system unit 13 contains 

7" semiconductor laser oscillators 31a, 31b, 31c, 3 Id as 

^ four light beam emitting means, for example, and the 

y high-speed image forming process can be attained 

D 15 without extremely enhancing the rotation speed of the 

polygon mirror by causing the semiconductor laser 
oscillators 31a, 31b, 31c, 31d to simultaneously effect 
image formation for the respective scanningr lines . 

That is, the laser oscillator 31a is driven by 
20 a laser driver 32a, and a light beam output therefrom 

passes through half mirrors 34a, 34b after passing 
through a collimator lens (not shown) and is made 
incident on a polygon mirror 35 used as a polygonal 
rotating mirror. 
25 The polygon mirror 35 is rotated at a constant 

speed by a polygon motor 36 driven by a polygon motor 
driver 37. Thus/ reflected light from the polygon 
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mirror 35 scans in a preset direction at an angular 
speed determined by the rotation speed of the polygon 
mirror 36. The light beam scanned by the polygon 
mirror 35 passes through an f- 0 lens (not shown) and 
5 scans the surface of the photosensitive drum 15 and 

the light receiving surface of a light beam detecting 
device 38 acting as light beam power detecting means, 
light beam passage timing detecting means and light 
beam position detecting means at a constant speed 

10 according to the f- 6 characteristic of the f-d lens. 

The laser oscillator 31b is driven by a laser 
driver 32b and a light beam output therefrom is 
reflected by a galvanomirror 33b after passing through 
a collimator lens (not shown) and is further reflected 

15 by a half mirror 34a. The reflected light from the 

half mirror 34a passes through a half mirror 34b and is 
made incident on the polygon mirror 35. The path along 
which the light beam is transmitted after being 
reflected by the polygon mirror 35 is the same as in 

20 the case of the light beam emitted from the laser 

oscillator 31a and it passes through the f~ 9 lens (not 
shown) and scans the surface of the photosensitive drum 
15 and the light receiving surface of the light beam 
detecting device 38 at a constant speed. 

25 The laser oscillator 31c is driven by a laser 

driver 32c and a light beam output therefrom is 
reflected by a galvanomirror 33c after passing through 
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a collimator lens (not shown), passes through a half 
mirror 34c and is reflected by a half mirror 34b and 
made incident on the polygon mirror 35. The path along 
which the reflected light is transmitted after being 
5 reflected by the polygon mirror 35 is the same as in 
the case of the light beams emitted from the laser 
oscillators 31a, 31b and it passes through the f- 6 lens 

1^ (not shown) and scans the surface of the photosensitive 

O 

n drum 15 and the light receiving surface of the light 

Zj 10 beam detecting device 38 at a constant speed. 

^ The laser oscillator 3 Id is driven by a laser 

05 

driver 32d and a light beam output therefrom is 
^; reflected by a galvanomirror 33d after passing through 

^^f a collimator lens (not shown) and is reflected by 

D 15 a half mirror 34c, reflected by the half mirror 34b and 

rU 

made incident on the polygon mirror 35. The path along 
which the reflected light is transmitted after being 
reflected by the polygon mirror 35 is the s^e as in 
the case of the light beams emitted from the laser 

20 oscillators 31a, 31b, 31c and it passes through the f- 6 

lens (not shown) and scans the surface of the photo- 
sensitive drum 15 and the light receiving surface of 
the light beam detecting device 38 at a constant speed. 
The laser drivers 32a to 3 2d contain automatic 

25 power control (APC) circuits and drive the laser 

oscillators 31a to 3 Id to always emit lights at light 
emission power levels set by a main control section 
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(CPU) 51 as will be described later. 

Light beams thus output from the different laser 
oscillators 31a, 31b, 31c, 31d are combined by the 
half mirrors 34a, 34b, 34c and four light beams are 
5 transmitted towards the polygon mirror 35. 

Therefore, the four light beams can simultaneously 
scan the surface of the photosensitive drum 15 and 
l=fe record an image at speed four times that of the 

p conventional single beam case if the rotation speed of 

Kj 10 the polygon mirror 35 is the same. 

0"! 

p The galvanomirrors 33b, 33c, 33d adjust (control) 

the positional relation of the light beams output from 

the laser oscillators 31b, 31c, 3 Id in the sub-scanning 
~:" direction with respect to the light beam output from 

y 15 the laser oscillator 31a and galvanomirror driver 

ly 

circuits 39b, 39c, 39d for driving the galvanomirrors 
are respectively connected thereto. 

Further, light beam detecting device adjusting 
motors 38a, 38b for adjusting the mounting position of 
20 the light beam detecting device 38 and the inclination 

thereof with respect to the scanning direction of the 
light beam are mounted on the light beam detecting 
device 38. 

The light beam detecting device 38 detects the 
25 passage positions, passage timings and powers of the 

four light beams and is arranged near the end portion 
of the photosensitive drum 15 such that the light 
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receiving surface thereof can be set in flush with the 
surface of the photosensitive drum 15. Control of the 
galvanomirrors 33b, 33c, 33d for the respective light 
beams (control of the image forming position* in the 
5 sub-scanning direction) , control of light emission 

powers (intensity) of the laser oscillators 31a, 31b, 
31c and control of the light emission timings thereof 

^ (control of the image forming position in the main 

O 

Q scanning direction) are effected based on the detection 

ffi 

10 signal from the light beam detecting device 38 (the 

5 control processes are explained later in detail). 

~~ The beam detecting device 38 generates analog signals 

j{ according to the result of the detection. In order to 

^ form analog signals to effect the control processes, 

y 15 a light beam detecting device output processing circuit 

ry 

4 0 is connected to the light beam detecting device 38. 

Next, the control system is explained. FIG. 3 
shows the control system mainly for controlling the 
multi-beam optical system. That is, 51 denotes a main 

20 control section for controlling the whole portion which 

is constructed by a CPU, for example, and to which 
a memory 52, control panel 53, external communication 
interface (I/F) 54, laser drivers 32a, 32b, 32c, 32d, 
polygon mirror motor driver 37, galvanomirror driving 

25 circuits 39b, 39c, 39d, light beam detecting device 

output processing circuit 40, synchronizing circuit 55 
and image data interface (l/F) 56 are connected. 



The image data I/F 56 is connected to the 
synchronizing circuit 55 and the image processing 
section 57 and page memory 58 are connected to the 
image data I/F 56. The scanner section 1 is* connected 
to the image processing section 57 and the external 
interface (I/F) 59 is connected to the page memory 58. 

Now, flow of image data when the image is formed 
is briefly explained below. 

First, in the case of copying operation, an 
image of the original O set on the original table 7 
is read by the scanner section 1 and fed to the image 
processing section 57 as described before. The image 
processing section 57 subjects the image signal from 
the scanner section 1 to the known shading correction 
process, various filtering processes, gradation process 
gamma process and the like, for example. 

Image data from the image processing section 57 is 
supplied to the image data I/F 56. The image data I/F 
56 plays a role of distributing the image data to the 
four laser drivers 32a, 32b, 32c, 32d. 

The synchronizing circuit 55 generates a clock 
synchronized with the timing at which each light beam 
passes on the light beam detecting device 38 and 
transmits image data as laser modulation signals from 
the image data I/F 56 to the respective laser drivers 
32a, 32b, 32c, 32d in synchronism with the clock. 

Thus, image formation synchronized in the main 
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scanning direction (in the correct position) can be 
effected by transferring image data in synchronism with 
scanning of the respective light beams. 

Further, the synchronizing circuit 55 includes a 
sample timer for forcedly causing the laser oscillators 
31a, 31b, 31c, 3 Id to emit lights in a non-image area 
and controlling the powers of the light beams and 
a logic circuit for causing the laser oscillators 
31a, 31b, 31c, 3 Id to emit lights on the light beam 
detecting device 38 in an order of the light beams 
in order to determine image forming timings of the 
respective light beams. 

The control panel 53 is a man-machine interface 
for starting the copying operation and setting the 
number of sheets, for example. 

The digital copying machine is constructed to 
effect not only the copying operation but also the 
image forming and outputting operation for "-forming and 
outputting image data input from the exterior via the 
external I/F 59 connected to the page memory 58. 
Image data input via the external I/F 59 is temporarily 
stored in the page memory 59 and then transmitted to 
the synchronizing circuit 55 via the image data I/F 56. 

Further, if the digital copying machine is 
controlled from the exterior via a network, for example, 
the external communication I/F 54 plays a role of the 
control panel 53. 
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The galvanomirror driving circuits 39b, 39c, 39d 
are circuits for driving the galvanomirrors 33b, 33c, 
33d according to instruction values from the main 
control section 51. Therefore, the main control 
5 section 51 can freely control the angles of the 

galvanomirrors 33b, 33c, 33d via the galvanomirror 
driving circuits 39b, 39c, 39d. 

P= The polygon mirror driver 37 is a driver for 

C 

^ driving the polygon motor 36 for rotating the polygon 

Z_ 10 mirror 35 which scans the four light beams described 

^ before. The main control section 51 can cause the 

polygon motor driver 37 to start or stop the rotation 
5° and switch the rotation speed. Switching of the 

S rotation speed can be effected in a case where the 

f 15 rotation speed is made lower than a preset rotation 

speed as required and a recording resolution is changed 
when the passage position of the light beam is 
confirmed by the light beam detecting device 38. 
The laser drivers 32a, 32b, 32c, 32d have a 
20 function of forcedly causing the laser oscillators 31a, 

31b, 31c, 3 Id to emit lights in response to a forced 
light emission signal from the main control section 51 
irrespective of image data in addition to a function of 
causing the laser lights to be emitted according to the 
25 laser modulation signal synchronized with scanning of 

the light beam from the synchronizing circuit 55 as 
described before. 



- 26 



Further, the main control section 51 sets powers 
of light beams emitted from the laser oscillators 31a, 
31b, 31c, 31d for the laser drivers 32a, 32b, 32c, 32d. 
The set value of the light emission power is* changed 
5 according to a variation in the process condition and 

detection of the passage position of the light beam. 

The memory 52 is to store information necessary 
for control. For example, the optical system unit 13 
can be set into a state in which image formation can be 
10 instantly effected after turning ON the power supply by 

storing, for example, the control amount of each of the 
galvanomirrors 33b, 33c, 33d, the circuit charac- 
teristic (offset value of the amplifier) for detecting 
the passage position of the light beam, the order of 
15 incoming of the light beams and the like. 

Next, the light beam detecting device 38 is 
explained. 

FIG. 4 is a view showing the relation^^etween the 
structure of the light beam detecting device 38 and the 

20 scanning direction of the light beam. Light beams from 

the four semiconductor laser oscillators 31a, 31b, 31c, 
3 Id are scanned in the main scanning direction from the 
right to the left in the drawing by rotation of the 
polygon mirror 35 to cross the light beam detecting 

25 device 38. 

The light beam detecting device 38 includes two 
sensor patterns SI, S2 which are long in the vertical 
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direction, a sensor pattern SO disposed between the two 
sensor patterns SI and S2 and a holding base plate 38a 
for integrally holding the sensor patterns SI, SO, S2. 
The sensor pattern SI is a pattern for 'detecting 
5 passage of the light beam to generate a reset signal 

(integration starting signal) of an integrator as 
will be described later and the sensor pattern S2 is 
a pattern for detecting passage of the light beam to 
^ generate a conversion starting signal of an A/D 

10 converter as will be described later. The sensor 

pattern SO is a pattern for detecting the passage 
position of the light beam and is formed to generate 
Q an output which is continuously changed with a 

B variation in the passage position of the light beam. 

S 

O 15 As shown in FIG. 4, the sensor pattern SO has such 

a shape that the distance by which the light beam 
crosses the sensor pattern SO becomes longer as the 
passage position of the light beam becomes "nearer 
to the upper side in FIG. 4. That is, if passage 

20 positions PI, P2 , P3 of the light beams are taken as 

an example, the distances by which the light beams 
cross the sensor pattern SO are Dl, D2 , D3 and the 
relation of D1>D2>D3 is obtained. Therefore, the 
period of signal outputting time of the sensor pattern 

25 SO is changed according to the position through which 

the light beam passes. 

For example, the sensor patterns SI, S2 are formed 
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of photodiodes and integrally formed on the holding 
base plate 38a. 

FIG, 5 is a block diagram showing the construction 
of a device for extracting light beam passage position 
5 information based on outputs from the sensor patterns 

SI, SO, 82 shown in FIG. 4 and controlling the 
galvanomirrors . 

As described before, pulse-form signals indicating 

Q 

ipi that the light beams have passed are output from the 

10 sensor patterns SI, SO, S2. Further, a signal whose 

03 

^ period of output time xs changed with a variation m 

the light beam passage position (position in the 
^ sub-scanning direction) is output from the sensor 

O pattern SO . 

O 15 An output signal of the sensor pattern SO is input 

fli 

to the non-inverting input terminal (+) of a differen- 
tial amplifier 60. The inverting input terminal (-) 
of the differential amplifier 60 is supplied with an 
output of a D/A converter 61. The amplification factor 

20 of the differential amplifier 60 can be set by the main 

control section (CPU) 51. 

The D/A converter 61 converts a digital signal 
from the main control section 51 into an analog signal. 
That is, the differential amplifier 60 amplifies 

25 a difference between a set value input from the main 

control section 51 via the D/A converter 61 and an 
output of the sensor pattern SO with an cimplif ication 
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factor set by the main control section 51. 

An output signal of the differential amplifier 60 
is input to and integrated by an integrator 42 used as 
integrating means. A pulse-form signal output from the 
5 sensor pattern SI is also input to the integrator 42. 

The pulse-form signal from the sensor pattern SI is 
used as a reset signal (integration starting signal) 
1^ for resetting the integrator 42, and at the same time, 

p starting the new integrating operation. Therefore, the 

m 

10 integrator 42 is reset and starts to newly integrate 

the output signal from the sensor pattern SO when the 

ip 

'® light beam passes on or crosses the sensor pattern SI. 

D An output signal of the integrator 42 is input to 

O an A/D converter 43 used as converting means. A pulse- 

O 15 form signal output from the sensor pattern S2 is also 

input to the A/D converter 43. The A/D converter 43 is 
triggered by the pulse-form signal output from the 
sensor pattern S2 to A/D convert the output signal of 
the integrator 42. 
20 That is, the A/D converter 43 converts the output 

signal of the integrator 42 into digital data when the 
light beam reaches the sensor pattern S2 after passing 
on the sensor pattern SO and supplies the digital 
data to the main control section 51. When the A/D 
2 5 converting operation is terminated, the A/D converter 

43 outputs an interrupt signal (INT) indicating that 
the A/D converting operation is terminated to the main 
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control section 51. 

When receiving the interrupt signal from the A/D 
converter 43, the main control section 51 reads the 
output of the A/D converter 43 to obtain the* newest 
light beam passage position information. 

Then, the main control section 51 calculates the 
control amounts of the galvanomirrors 33b, 33c, 33d 
based on the thus obtained light beam passage position 
information, stores the result of calculation into the 
memory 52 if necessary and supplies the result of 
calculation to the galvanomirror driving circuits 39b, 
39c, 39d. 

As shown in FIG. 5, latches 44b, 44c, 44d for 
holding data of the result of calculation are provided 
in the galvanomirror driving circuits 39b, 39c, 3 9d. 
If the latches 44b, 44c, 44d fetch data from the main 
control section 51, they hold the data until the data 
is updated. 

Data items held in the latches 44b, 44c, 44d are 
converted into analog signals (voltages) by D/A 
converters 45b, 45c, 45d and input to galvanomirror 
drivers 46b, 46c, 46d- The drivers 46b, 46c, 46d 
drive the galvanomirrors 33b, 33c, 33d according to 
the voltage signals input from the D/A converters 45b, 
45c, 45d. 

Therefore, in this embodiment, the light beam 
passage positions can be controlled by operating the 



semiconductor laser oscillators for emitting light 
beams whose passage positions are desired to be 
controlled, reading the output of the A/D converter 43 
and controlling the galvanomirrors 33b, 33c,* 33d based 
on read information. 

Next, the operation of each section, that is, 
the state in which the light beam passage position 
information is extracted when the light beam passes 
through the passage positions PI, P2, P3 is explained 
with reference to FIG. 6. In this case, in order to 
clarify the explanation, FIG. 6 shows a case wherein a 
set value into the D/A converter 61 is "0". By setting 
the set value in the D/A converter 61 to "0", the 
differential amplifier 60 can be dealt with as a simple 
amplifier. The role of the D/A converter 61 is 
explained later. 

FIG. 6A shows the operation when the light beam 
passes through the position PI, FIG. 6B shows the 
operation when the light beam passes through the 
position P2 and FIG. 6C shows the operation when the 
light beam passes through the position P3. 

When the light beam passes on the sensor pattern 
SI, the sensor pattern SI outputs a pulse-form signal, 
the integrator 42 is reset in response to the pulse- 
form signal as shown in FIG. 6A and the output thereof 
is set to "0". When the light beam reaches the sensor 
pattern SO, an output signal is generated from the 
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sensor pattern SO and a signal obtained by amplifying 
the output signal is output from the differential 
amplifier 60. 

As shown in FIG. 6A, in the case of th^ light beam 
5 PI, the differential amplifier 60 outputs a positive 

signal in a period of time Tl. The integrator 42 
integrates the output signal and outputs an output 
voltage VI. As shown in FIG. 6B, in the case of the 
light beam P2, the differential amplifier 60 outputs 

10 a positive signal in a period of time T2. As shown 

in FIG. 6C, in the case of the light beam P3, the 
differential amplifier 60 outputs a positive signal in 
a period of time T3 . Therefore, the output voltages of 
the integrator 42 for the light beams P2 and P3 are set 

15 to voltages V2 and V3 corresponding to the integration 

periods of time. 

As described before, the time periods Tl to T3 
during which the light beam passes on the sensor 
pattern SO are different depending on the position (PI, 

20 . P2, P3) in which the light beam passes on the sensor 
pattern SO. Since the passage time periods have the 
relation of T1>T2>T3, the output voltages VI to V3 of 
the integrator 42 corresponding to the respective light 
beams have the relation of V1>V2>V3. 

25 Further, when the light beam passes on the sensor 

pattern S2, a pulse-form signal is output from the 
sensor pattern S2 and the A/D converter 43 converts the 
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voltage values VI to V3 to corresponding digital values. 

The main control section 51 can roughly detect the 
position where the light passes on the sensor pattern 
SO by reading the digital values output from* the A/D 
5 converter 43. 

FIG. 7 is a graph showing the relation between 
the light beam passage position and the output voltage 
of the integrator 42 obtained as described above. 
The abscissa indicates the light beam passage position 
10 and the ordinate indicates the output voltage of the 

integrator 42. 

Areas A and C indicates areas in which the light 
beam does not pass on the sensor pattern SO (the light 
beam passes along while it is deviated from the sensor 
15 pattern in the upward or downward direction) . Since 

the sensor pattern SO does not output a signal in the 
above areas, the output of the integrator 42 is "0". 

An area B is an area in which the light beam 
passes on the sensor pattern SO. It is understood that 
20 the output of the integrator 42 varies in proportion to 

a variation in the passage position of the light beam 
when the light beam stably passes on or crosses the 
sensor pattern SO except a case wherein the light 
beam passes through the edge portion of the sensor 
25 pattern SO. 

Therefore, as described before, the main control 
section 51 can roughly detect the position of the 
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sensor pattern SO on which the light beam passes by 
reading the result of A/D-conversion of the output of 
the integrator 42. 

As described above, the main control section 51 
5 can detect the passage position of the light beam, 

but in order to enhance the precision of detection, 
it is required for the A/D converter 43 to have high 
resolution. For example, a case wherein the distance 
of the area B is 2048 tiro, and the potential difference 

10 between Vu and Vd of FIG. 7 is A/D-converted by an 

8-bit A/D converter is assumed. In this case, the 
resolution (precision of detection) becomes 8 Mm 
(=2048 /xm/256). If a 12-bit A/D converter is used in 
order to further enhance the precision of detection, 

15 the resolution (precision of detection) is enhanced to 

0.5 }im (=2048 jizm/4096). However, if the 12-bit A/D 
converter is used, the cost becomes extremely high. 

For example, if a case wherein it is desired to 
detect only the passage positions PI, P2, P3 with high 

20 precision is considered, it is not efficient to detect 

the whole area (2048 p.m) of the area B with high 
resolution. 

Therefore, a method for detecting the passage 
position of the light beam with high resolution only 
2 5 in a necessary region is explained with reference to 

FIG. 8. 

First, the main control section 51 outputs digital 
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data corresponding to the voltage V3 to the D/A 
converter 61 shown in FIG. 5. Since the output of 
the D/A converter 61 is input to the inverting input 
terminal of the differential amplifier 60, the 
5 differential amplifier 60 outputs a voltage obtained by 

subtracting the output voltage of the D/A converter 61 
from the output of the sensor pattern SO. 
, ^ When the light beam passes through the passage 

p position P3, the output of the integrator 42 becomes 

=: 10 "0". In other words, the main control section 51 

outputs a value which causes the output of the 
® integrator 42 to become "0" when the light beam passes 

Q through the passage position P3 to the D/A converter 61. 

O When the light beam passes through the passage 

D 15 position Pi, the output VI is lowered by V3 and becomes 

VI ' . That is , the output of the integrator 42 is 
shifted downwardly (towards the low voltage side) by 
the voltage V3 as shown by (B) . Next, the-jnain control 
section 51 raises the amplification factor of the 
20 differential amplifier 60. For example, it raises the 

amplification factor to such a value that the output 
voltage thereof in the passage position PI will become 
Vu as shown by (C) . 

Thus, the voltage variation (range) when the 
25 passage position of the light beam is changed from Pi 

to P3 can be made large and it becomes possible to 
enhance the detection resolution (precision) without 
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enhancing the resolution of the A/D converter 43. 

The principle of detecting the passage position of 
the light beam in a wide range and the principle of 
enhancing the precision of detection are explained. 
5 Next, an example in which the conventional light 

beam passage position detecting method is improved by- 
use of the above principles is explained. FIG. 9 shows 
1^ an example obtained by improving the sensor pattern 

^ of the light beam detecting device 38 disclosed in 

J: 10 Japanese Pat. Appln. KOKAI Publication No. 10-76704 by 

^ use of the principle of this invention explained so far. 

® That is, the light beam detecting device 38 

O includes two sensor patterns SI, S2 which are long in 

O the vertical direction, seven sensor patterns SA to SG 

O 15 disposed between the two sensor patterns SI and S2 and 

111 

a holding base plate 38a for integrally holding the 
sensor patterns 81, S2, SA to SG. For example, the 
sensor patterns SI, S2, SA to SG are formed- of 
photodiodes . 

20 The sensor pattern SI is a pattern for detecting 

passage of the light beam to generate a reset signal 
(integration starting signal) of the integrator 4 2 
and the sensor pattern S2 is a pattern for detecting 
passage of the light beam to generate a conversion 

25 starting signal of the A/D converter "43 . The sensor 

patterns SA to SG are patterns for detecting the 
passage position of the light beam. 
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As shown in FIG. 9, the sensor patterns SI, S2 are 
formed to be long in the sub-scanning direction of the 
light beam (in a direction perpendicular to the itiiain 
scanning direction) so that the light beams *a to d 
5 scanned by the polygon mirror 35 will cross the sensor 

pattern without fail irrespective of the position of 
the galvanomirror 33b to 33d. For example, in this 
^ example, the widths Wl, W3 of the sensor patterns SI, 

^ S2 in the main scanning direction of the light beam are 

j;: 10 200 12m and the length W4 thereof in the sub-scanning 

^ . direction of the Ixght beam is 200 ^m. 

^ As shown in FIG. 9, the sensor patterns SA to SG 

y are disposed in a laminated form in the sub-scanning 

O direction between the sensor patterns SI and 82 and the 

O 15 total length thereof is set to the same as the length 

W4 of the sensor patterns SI, S2. The width W2 of the 
sensor patterns SA to SG in the main scanning direction 
is set to 600 jLtm, for example. 

The sensor pattern SA which lies in the upper 
20 portion in the drawing is formed in a trapezoidal form 

in which the size thereof in the main scanning 
direction is large in the upper portion and becomes 
smaller in a portion nearer to the sensor central 
portion. On the other hand, the sensor pattern SG 
25 which lies in the lower portion in the drawing is 

formed in a trapezoidal form in which the size thereof 
in the main scanning direction is smaller in a portion 
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nearer to the sensor central portion and becomes larger 
in a portion nearer to the lower side. 

with the above structure, in a range in which the 
sensor patterns detect the passage of the light beam, 
the signal outputting time of the sensor pattern SA 
becomes shorter as the passage position of the light 
beam becomes lower and the signal outputting time of 
the sensor pattern SG becomes longer as the passage 
position of the light beam becomes lower. 

Therefore, even if the passage position of the 
light beam is greatly deviated from the detection 
range of the sensor patterns SB to SF, the degree of 
deviation can be easily detected. 

Next, an example in which the principle of this 
invention is applied to detection of inclination of the 
light beam detecting device 38 with respect to the main 
scanning direction of the light beam is explained. 

FIG. 10 shows an example obtained by improving the 
sensor pattern of the light beam detecting device 38 
disclosed in Japanese Pat. Appln. KOBCAI Publication 
No. 9-314901 by use of the principle of this invention 
explained so far. That is, the light beam detecting 
device 38 includes sensor patterns S7a, S7b, SI, S3, SH, 
SA, SBl to SFl, SB2 to SF2 , SG, S4, S5, S6, S8a, S8b 
which are sequentially disposed from the left in the 
drawing on a holding base plate 38a. 

The sensor patterns SA, SBl to SFl, SB2 to SF2, SG 



are patterns for detecting the passage position of the 
light beam, the sensor patterns SBl to SFl are used for 
detection with first resolution (for example, 600 dpi) 
and the sensor patterns SB2 to SF2 are used for 
detection with second resolution (for example, 400 dpi). 

The sensor pattern SH is a pattern for detecting 
the power of the light beam. The sensor patterns S4, 
S5, S6 are patterns for detecting passage timing of the 
light beam. The sensor pattern S6 also has a function 
of the sensor pattern S2 . 

The sensor patterns S7a, S7b, S8a, S8b are 
patterns for detecting the inclination. The sensor 
patterns S7a, S7b and S8a, S8b are arranged in the 
upper and lower positions to make pairs and the centers 
between the sensor patterns S7a and S7b and the sensor 
patterns SBa and S8b are set in alignment with the 
centers of the other sensor patterns such as the sensor 
patterns SI, S3. 

The principle of this invention is applied to the 
sensor patterns S7a, S7b, S8a, S8b and the upper and 
lower sensor patterns S7a and S7b and the upper and 
lower sensor patterns SBa and S8b which make pairs are 
respectively formed in inverted tapered forms. 

With the above structure, by comparing the outputs 
of the sensor patterns S7a and S7b and comparing 
the outputs of the sensor patterns S8a and S8b, the 
mounting inclination of the light beam detecting device 
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38 with respect to the scanning direction of the light 
beam can be detected. 

With the above structure, since the outputs of the 
sensor patterns S7a, S7b, S8a, S8b are continuously 
5 changed with a variation in the passage position of 

the light beam in a wide range, the inclination can be 
detected in a wide range. 
4^ FIG. 11 shows an example in which the sensitivity 

g to the inclination is raised in comparison with the 

Ci 10 case of FIG. 10. The upper and lower sensor patterns 

m 

S7a and S7b and the upper and lower sensor patterns S8a 

Its 

^" and S8b which make pairs are respectively formed in 

^ inverted tapered forms, but the range of the tapered 

lU 

O portion is narrower than in the case of FIG. 10 (the 

W 

D 15 inclination of the tapered portion is steeper) and the 

iU 

sensitivity for detection of inclination is raised 
accordingly. In the normal mounting adjustment, the 
sufficiently wide range and high sensitivity can be 
attained with the above structure. 

20 The inclination detecting sensor patterns shown 

in FIGS. 10, 11 can be used not only for detection 
of inclination but also for detection of the passage 
position of the light beam in the sub-scanning 
direction as explained before with reference to FIG. 9. 

25 In FIGS. 10, 11, the sensor pattern for outputting the 

signal pulse for starting A/D conversion and the sensor 
pattern for resetting the integrator as explained 
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before are not shown. FIG. 12 shows an example of 
the light beam detecting device 38 including sensor 
patterns having the above functions . The light beam 
detecting device 38 is explained below. 
5 Two pulse signals of different timings are output 

when the light beam passes on the patterns of A and B 
of FIG. 12. A reset signal (corresponding to the pulse 
^ signal from the sensor pattern SI) for the integrator 

is created based on the two pulse signals. That is, a 

y 

^: 10 pulse signal which is defined by the rising edge of an 

^ output of the sensor pattern A and the falling edge of 

^ an output of the sensor pattern B is created by a logic 

B circuit and input to the integrator as a reset signal. 

O The reason why the reset signal is thus created by 

O 15 use of the two sensor patterns is that resetting of the 

integrator requires a relatively long time (which is 
approximately equal to time during which the light beam 
passes along between A and B) . Another reason is that 
the rise of the signal output of the sensor pattern is 
20 generally steep and the fall thereof is gentle and it 

is desirable to use the rise timing of the output of 
the sensor pattern if the precise timing is obtained. 

The sensor pattern E is a pattern for outputting 
an A/D conversion start timing signal (corresponding to 
25 the output of the sensor pattern S2). Therefore, the 

sensor patterns A, B correspond to the sensor pattern 
SI whose principle is explained before and the sensor 
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pattern E corresponds to the sensor pattern S2 . 
Further, the sensor patterns C, D correspond to the 
sensor pattern SO whose principle is explained before 
and the sensor patterns S7a, S7b shown in Fl'&S. 10, 11. 
5 Likewise, the sensor patterns K, M correspond to 

the sensor patterns A, B, that is, the sensor pattern 
SI whose principle is explained before and the sensor 
pattern P corresponds to the sensor pattern S2. 
g Further, the sensor patterns 0, N correspond to the 

F; 10 sensor pattern SO whose principle is explained before 

T and the sensor patterns S8a, S8b shown in FIGS. 10, 11. 

Likewise, in a case where the power detection is 
D effected, the sensor patterns E, K correspond to the 

O sensor patterns A, B, that is, the sensor pattern 51 

D 15 whose principle is explained before and the sensor 

pattern M corresponds to the sensor pattern 52. 
Further, the sensor pattern L for detecting the power 
corresponds to the sensor pattern SO whose~principle is 
explained before. 
20 FIG. 13 is a diagram for illustrating control of 

the light beam passage position when the light beam 
detecting device shown in FIG. 12 is used and a portion 
associated with light beam control is extracted from 
the block diagram of FIG. 3 and shown in detail. 
25 As described before, if the light beam detecting 

device 38 shown in FIG. 12 is used, four functions, 
that is, an inclination detecting function in a wide 
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range, rough light beam passage position detecting 
function/ precise light beam passage position detecting 
function and power detecting function can be realized. 
That is, the sensor patterns C, D, N, 0 are used 
5 for the inclination detecting function in a wide range, 

the sensor patterns C, D or the sensor patterns N, O 
are used for the rough light beam passage position 
detecting function, the sensor patterns F, G, H, I, J 
are used for the precise light beam passage position 

10 detecting function and the sensor pattern L is used for 

the power detecting function. 

The outputs of the sensor patterns C, D, N, O, F, 
G, H, I, J, L are respectively amplified by amplifiers 
63c, 63d, 63n, 63o, 63f, 63g, 63h, 63i, 63j, 631 and 

15 input to a selection circuit (analog switch) 41. 

The amplification factors of the respective amplifiers 
63c, 63d, 63n, 63o, 63f, 63g, 63h, 63i, 63j, 631 are 
set by the main control section 51. 

The selection circuit 41 selects a signal input 

20 to the integrator 42 according to the sensor selection 

signal from the main control section 51 and the 
selected signal is input to and integrated by the 
integrator. 

In FIG. 13, the D/A converter 61 shown in FIG. 5 
25 is not shown. As will be described later, this is 

because it is not necessary to electrically switch 
the precision since the patterns F, G, H, I, J for 
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precisely detecting the light beara passage position 
and the patterns C, D, N, 0 for detecting the light 
beam passage position in a wide range are separately 
provided as the sensor patterns. 
5 In the block diagram of FIG. 13, it is necessary 

to change the timings of the reset signal (integration 
start signal) and the A/D conversion start signal 
according to the sensor pattern to be detected since 
Q the integrator 42 and A/D converter 43 are conunonly 

fff 10 used. This is made possible by use of a reset signal 

ffi creating circuit 64 and A/D conversion start signal 

W creating circuit 65. 

O The outputs of the sensor patterns A, B, E, K, M 

□ are input to the reset signal creating circuit 64. As 

p 15 explained before, the reset signal for the integrator 

42 is created by use of two signals among the above 
outputs and input to the integrator 42. A method for 
creating the reset signal by combining what type of 
signals is determined by the main control section 51. 
20 Further, the outputs of the sensor patterns E, K, 

M, P are input to the A/D conversion start signal 
creating circuit 65 and the main control section 51 can 
select an adequate signal. 

That is, the main control section 51 can 
25 selectively determine the outputs of the sensor 

patterns which are combined to create the reset signal 
and the output of the sensor pattern which is used as 



the conversion start signal for the circuits 64, 65 
according to the sensor pattern to be detected. 

The sensor patterns to be detected and settings 
for the circuits 64, 65 are indicated in the following 
table 1. 



TABLE 1 



No. 


detection 
items 


to-be- 
detected 
objects 


reset 
( leading 
edge- 
trailing 
edge ) 


A/D 

conversion 
Start 


1 


inclination, 

passage 

position 


C, D 


A-B 


E 


2 


Passage 
position 


F, G, I, J 


B-E 


K 


3 


Power 


L 


E-K 


M 


4 


Inclination, 

passage 

position 


N, 0 


K-M 


P 



Thus, the main control section 51 adequately selects 
the to-be-detected sensor pattern, effects the 
integrating operation and A/D converting operation in 
the optimum state and can fetch information as digital 
data. 



The main control section 51 realizes the four 
functions of detecting the inclination of the light 
beam detecting device 38 and roughly detecting the 
light beam passage position based on both of the 
detection items of No. 1 and No. 4 in the table 1, 
precisely detecting the light beam passage position 
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based on the detection items of No. 1 and No. 2 in the 
table 1, and detecting the power based on the detection 
items of No. 1 and No. 3 in the table 1. 

The operations of the amplifiers 63c, CSd, 63n, 
5 63o, 63f, 63g, 63h, 63i, 63 j, 631, integrator 42 and 

A/D converter 43 are the same as explained with 
reference to FIG. 5 and the explanation for the 
operations is omitted here. 

In FIG. 13, four sets of galvanomirrors and 
10 galvanomirror driving circuits for driving the 

galvanomirrors are shown and the number of sets is 
larger than the number of sets of galvanomirrors and 
galvanomirror driving circuits shown in FIGS. 2 and 5 
by one. 

15 This is because a case wherein the light beam 

passage position detecting method of this invention is 
applied to the conventional light beam passage position 
detecting device and all of the light beam--passage 
positions are required to be controlled by the control 

20 method described in Japanese Pat. Appln. KOKAI 

Publication No. 10-76704, for example. 

Therefore, in this example, it is impossible to 
attain one of the objects of this invention, that is, 
to suppress to a least sufficient number the number of 

25 actuators for permitting the relative passage position 

of the light beam to be detected in a wide range and 
controlling the passage position of the light beam 



(for example, to suppress the four actuators in the 
conventional case to three). However, as described 
above, the inclination detecting range advantageous for 
adjustment of the mounting inclination of tiie light 
5 beam detecting device can be made wider in comparison 

with the conventional case and the rough light beam 
passage position detecting function suitable for rough 
adjustment of the light beam passage position can be 
attained. 

10 The construction of the optical system unit 

(corresponding to FIG. 2) used in this case is 
described in detail in Japanese Pat. Appln. KOKAI 
Publication No. 10-76704, for example, and the 
explanation therefore is omitted here. 

15 Next, the outputs of the sensor patterns relating 

to the detection items of No. 1, No. 2, No. 4 in the 
above table 1 are explained in detail below. 

FIG. 14 shows the positional relation--between the 
sensor patterns C (N) , D (0) and the sensor patterns F, 

20 G, H, I, J and the relation between the positions and 

outputs of the sensor patterns. As shown in FIG. 14, 
the outputs of the tapered sensor patterns C (N), D (O) 
gradually vary with a variation in the light beam 
passage position. On the other hand, the outputs of 

25 the sensor patterns F, G, H, I, J abruptly vary with 

a slight variation in the light beam passage position. 
Therefore, when the light beam passage position 
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is greatly deviated from the positions of the sensor 
patterns F, G, H, I, J, the control operation can be 
efficiently effected by determining the light beam 
passage position based on the output signal^ of the 
tapered sensor patterns C (N), D (0) to control the 
galvanomirrors . 

That is, the light beam detecting device 38 shown 
here has both of the light beam passage position 
detecting function of wide range for rough adjustment 
and the precise light beam passage position detecting 
function for fine adjustment in the light beam passage 
position control operation. 

FIG. 15 shows a light beam detecting device 38 
having sensor patterns using the principle of this 
invention for detecting the light beam passage position 
and sensor patterns disclosed in Japanese Pat. Appln. 
KOKAI Publication No. 10-76704 which are integrally 
formed . 

That is, the sensor patterns SI, SO, S2 are the 
sensor patterns of this invention which are explained 
so far and sensor patterns S15, S16, S17 and sensor 
patterns S18, S19, S20 are the same as the sensor 
pattern array disclosed in Japanese Pat. Appln. KOKAI 
Publication No. 10-76704. 

The arrangement of the sensor patterns S15, S16, 
S17 and sensor patterns SIB, S19, S20 is briefly 
explained. For example, as shown in FIG. ISA, the 
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sensor patterns S15, S16, S17 are arranged such that 
the size thereof in the main scanning direction of the 
light beam is 600 /im, the size thereof in the sub- 
scanning direction of the light beam is 32.2* ^m and 
5 they are arranged at a regular interval of 10 fim in the 

sub-scanning direction. Therefore, the pitch between 
the gap center between the sensor patterns S15 and S16 
and the gap center between the sensor patterns SI 6 and 
S17 is 42.3 jtxra. 

10 For example, as shown in FIG. 16B, the size of 

each of the sensor patterns S18, S19, S20 is set to 
600 juni in the main scanning direction and to 53.5 fim 
in the sub-scanning direction, and like the sensor 
patterns S15, S16, S17, they are arranged at a regular 

15 interval of 10 ^m in the sub-scanning direction. 

Therefore, the pitch between the gap center between the 
sensor patterns S18 and S19 and the gap center between 
the sensor patterns S19 and S20 is 63.5 /inv-. 

The light beam passage position control operation 

20 using the sensor patterns is disclosed in detail in 

Japanese Pat. Appln. KOKAI Publication No. 10-76704, 
but the feature thereof is briefly explained here. 

For example, the sensor patterns S15, S16, S17 are 
sensor patterns for setting the light beam passage 

25 pitch (in the sub-scanning direction) to correspond 

to the resolution (first resolution) of 600 dpi. The 
interval between the two light beam passage positions 
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is set to 42.3 iim, that is, it is set to correspond to 
the resolution of 600 dpi by driving one light beam 
into a portion (gap) between the sensor patterns S15 
and S16 and driving the other light beam into a portion 
5 (gap) between the sensor patterns S16 and S17. 

On the other hand, for example, the sensor 
patterns S18, S19, S20 are sensor patterns for setting 
the light beam passage pitch to correspond to the 
resolution (second resolution) of 400 dpi. The 

10 interval between the two light beam passage positions 

is set to 63.5 fj.m, that is, it is set to correspond to 
the resolution of 400 dpi by driving one light beam 
into a portion (gap) between the sensor patterns S18 
and SI 9 and driving the other light beam into a portion 

15 (gap) between the sensor patterns S19 and S20. 

Thus, since the array pitch of the sensor patterns 
is set equal to the light beam passage position pitch 
necessary for image formation, the light beam can be 
driven into a desired passage location with high 

2 0 precision. 

However, the conventional light beam detecting 
device to which the above system is applied has a 
defect that the number of sensor patterns is increased 
when a large number of light beams to be controlled 

25 are used or the light beam passage pitch is set to 

correspond to a plurality of resolutions. Further, 
since it is necessary to control each light beam into a 



specified passage position between the sensor patterns, 
it is required to provide actuators ( galvanomirrors ) 
for changing the passage positions of the respective 
light beams . 

The relative passage position can be detected by 
use of the light beam passage position detecting 
method of this invention explained so far if the 
light beam passes on the sensor pattern. Therefore, 
it is possible to reduce the number of actuators 
(galvanomirrors) by fixing the passage position of one 
light beam and controlling the passage position or 
positions of the other light beam or beams with the 
former light beam used as a reference. 

However, when the light beam passage position is 
determined by use of only the tapered sensor pattern 
SO, the relative position of each light beam can be 
detected, but the absolute position thereof cannot be 
detected. 

Therefore, in this invention, the sensor patterns 
such as the sensor patterns S15, S16, S17 and the 
sensor patterns S18, S19, S20 for detecting the 
absolute passage position of the light beam and the 
sensor pattern SO for detecting the relative passage 
position of the light beam as explained before are 
integrally formed in the light beam detecting device 
so that both of the absolute passage position of the 
light beam and the relative positional relation can be 
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detected. 

That is, it is possible to use the sensor 
patterns SIS, S16, S17 and the sensor patterns S18, S19, 
S20 as the absolute distance reference on tKe sensor 
5 and correct the result of detection by the sensor 

pattern SO . 

Next, a method for permitting both of the absolute 
passage position of the light beam and the relative 
positional relation to be detected by use of the light 

10 beam detecting device 38 shown in FIG. 15 is explained 

with reference to the flowchart shown in FIG. 17. 

First, the actuator is controlled so as to permit 
the light beam to pass through between the sensor 
patterns SIS and S16 by use of the light beam whose 

15 passage position can be changed by use of the actuator 

such as the galvanomirror (S171). The method is 
described in detail in Japanese Pat. Appln. KOKAI 
Publication No. 10-76704 and the explanation therefore 
is omitted. 

20 A value output from the sensor pattern SO is 

measured while the light beam passes through between 
the sensor patterns S15 and S16 and it is stored as 
A/D(S15-S16) (S172). 

Next, the actuator is controlled so as to permit 

25 the beam light to pass through between the sensor 

patterns S16 and S17 by use of the light beam whose 
passage position can be changed by use of the actuator 



such as the gaivanomirror (S173). 

A value output from the sensor pattern SO is 
measured while the light beam passes through between 
the sensor patterns S16 and S17 and it is st"bred as 
A/D(S16-S17) (S174). 

A difference between the output of the sensor 
pattern SO while the light beam passes through between 
the sensor patterns S15 and S16 and the output of the 
sensor pattern SO while the light beam passes through 
between the sensor patterns S16 and 517 is calculated 
and stored as A/D(42.3) (5175). 

The thus calculated value of a/D(42.3) indicates 
a variation amount of the output of the sensor pattern 
SO when the light beam passage position is moved by 
42.3 jum in the sub-scanning direction. Therefore, if 
the actuators are controlled to adjust the passage 
positions of the other light beams to preset positions 
based on the above value, the passage positions thereof 
can be precisely moved by 42.3 jum in the sub-scanning 
direction. 

The operation for adjusting the passage positions 
of the plurality of light beams is effected after the 
powers of the plurality of light beams are uniformly 
adjusted. This is because variation amounts of the 
outputs from the sensor pattern SO when the light beam 
passage positions are moved by 42.3 uia become different 
for the respective light beams if the powers of the 
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light beams are not made uniform. 

A case wherein the light beam passage positions 
are moved by 42.3 ^tm is explained, but it is clearly 
understood that the light beam passage positions can be 
5 precisely moved by 63.5 jum if the sensor patterns S18, 

S19, S20 are used and the explanation therefore is 
omitted. 

Next another embodiment using the same principle 
is explained. 

10 Like the case of FIG. 15, FIG. 18 shows a light 

beam detecting device 38 having sensor patterns using 
the principle of this invention for detecting the light 
beam passage position and sensor patterns disclosed in 
Japanese Pat. Appln. KOKAI Publication No. 10-76704 

15 which are integrally formed. 

That is, sensor patterns SI, SO, S2 are the sensor 
patterns of this invention which are explained so far 
and sensor patterns 821, S22, S23 are the same as the 
sensor pattern array disclosed in Japanese Pat. Appln. 

20 KOKAI Publication No. 10-76704. 

The arrangement of the sensor patterns 521, S22, 
823 is briefly explained. For example, as shown in 
FIG. 19, the sensor patterns S21, S22, S23 are arranged 
such that the size thereof in the light beam scanning 

25 direction (main scanning direction) is 600 p.m, the 

size thereof in a direction (sub-scanning direction) 
perpendicular to the light beam scanning direction is 
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90 urn and they are arranged at a regular interval of 
10 fim in the sub-scanning direction. Therefore, the 
pitch between the gap center between the sensor 
patterns S21 and S22 and the gap center between the 
5 sensor patterns S22 and S23 is 100 fim. 

Next, a method for controlling the passage 
position of the light beam by use of the light beam 
detecting device 38 shown in FIG. 18 is explained with 

^ reference to the flowchart shown in FIG. 20. in this 

O 

10 example, a case wherein an inexpensive 8-bit device is 

ffl used as the A/D converter 43 is explained. 

03 First, the actuator is controlled so as to permit 

O the beam light to pass through between the sensor 

p patterns 321 and S22 based on outputs of the sensor 

□ 15 patterns S2, S4, S21, S22 by use of the light beam 

whose passage position can be changed by use of the 
actuator such as the galvanomirror (S201). 

An output value to the D/A converter "61 (refer to 
FIG. 5) is changed so as to set a value output from the 
20 sensor pattern SO to "0" while the light beam passes 

through between the sensor patterns S21 and S22 (5202). 

Next, the actuator is controlled so as to permit 
the beam light to pass through between the sensor 
patterns S22 and S23 by use of the light beam whose 
25 passage position can be changed by use of the actuator 

such as the galvanomirror (S203). 

The amplification factor of the amplifier 60 



- 56 - 



is set so as to set a value output from the sensor 
pattern SO to "250" while the light beam passes 
through between the sensor patterns S22 and S23 (S204). 
Then, the passage position of the light beam is 
5 controlled by dealing with each ("1") of the values of 

the output from the sensor pattern SO as 0.4 /xm 
(100 Aim/250) (S205). 

Thus, it becomes possible to set a special 

5 relation between the output of the sensor pattern SO 

o 

&f 10 and a variation in the light beam passage position by 

ffl setting the output to the D/A converter 61 and the 

© amplification factor of the amplifier 60 so that the 

O output of the sensor pattern SO will be set to "0" 

fy 

p while the beam light passes through between the sensor 

Q 15 patterns S21 and S22 and the output of the sensor 

fy 

pattern SO will be set to "250" while the beam light 
passes through between the sensor patterns S22 and S23. 

That is, when the passage position of -the light 
beam is changed from a portion between the sensor 

20 patterns S21 and 322 to a portion between the sensor 

patterns S22 and S23, the passage position is changed 
by 100 /im on the light beam detecting device 38. 
At this time, since a change in the output of the 
sensor pattern SO is "250", the variation in the light 

25 beam passage position for each output value "1" of the 

sensor pattern SO can be set to 0.4 um (100 ;im/250). 

Therefore, the main control section 51 can control 
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the passage positions of the respective light beams to 
desired positions by measuring the relative passage 
positions of the light beams by use of the output of 
the sensor pattern SO and controlling the actuators by 
use of the result of measurement. 

In the example in which the 8-bit A/D converter 
is used as the A/D converter 43, the measurement range 
is 102.4 Aim (0.4 Atm x 256). Therefore, the to-be- 
measured light beam may exceed the range of the A/D 
converter 43 to cause a trouble in the measurement in 
some cases. However, in such a case, the trouble can 
be coped with by changing the setting value to the D/A 
converter 61 to move the measurement range. 

Next, still another embodiment using the principle 
of this invention is explained. 

FIG. 21 shows a light beam detecting device 38 
having sensor patterns S4, S30, S31, S32, S33, S34 in 
addition to the sensor patterns SI, SO, S2'-using the 
principle of this invention for detecting the light 
beam passage position. 

For example, as shown in FIG. 22A, the shape of 
the sensor pattern SO is a trapezoidal form in which 
the length thereof in the sub-scanning direction is 
2048 fim, the length of the long side in the main 
scanning direction is 1536 jj.m. and the length of the 
short side is 512 urn. Therefore, the inclination of 
the inclined side is "2" (2048/1024). 
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When the light beam scanned by the polygon mirror 
passes on the sensor pattern SO, the ratio of a 
variation (in the main scanning direction) in the 
distance by which the light beam travels on 'the sensor 
5 pattern to a variation (in the sub-scanning direction) 

in the light beam passage position is 2:1. This is 
because the inclination of the inclined side of the 
sensor pattern SO is "2". 

For example, the sensor pattern S34 is formed in 

10 a rectangular form in which the length of a side in the 

sub-scanning direction is 2048 fim and the length (D12) 
of a side in the main scanning direction is 1024 fim. 
For example, the sensor pattern S33 is formed in a 
rectangular form in which the length of a side in the 

15 sub-scanning direction is 2048 /iia and the length (Dll) 

of a side in the main scanning direction is 1002.85 Aim. 
For example, the sensor pattern S32 is formed in a 
rectangular form in which the length of a "side in the 
sub-scanning direction is 2048 p.m and the length (DIO) 

20 of a side in the main scanning direction is 992.25 iim. 

That is, differences of 31.75 urn and 21.15 Aim are 
set between the lengths of the sensor patterns S32 and 
S34 and the lengths of the sensor patterns S33 and S34 
in the main scanning direction. The differences are 

25 set equal to variations in the traveling distance of 

the light beam on the sensor pattern SO when the 
position in which the light beam passes on the sensor 
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pattern SO is moved by 63.5 urn (corresponding to the 
resolution of 400 dpi) and 42.3 }im (corresponding to 
the resolution of 600 dpi) in the sub-scanning 
direction. 

For example, as shown in FIG. 22B, when the light 
beam passes through the mid portion in the sub-scanning 
direction, the traveling distance on the sensor pattern 
SO is 1024 Aim (= ( 1536+512 ) /2 ) . If a case wherein the 
light beam passage position is downwardly shifted by 
42.3 {j.m is considered, then the light beam traveling 
distance on the sensor pattern SO is shortened by 21.15 
(= 42.3/2) jum and becomes 1002.85 p.m. 

Therefore, for example, a value obtained by 
subtracting the output integrating value of the 
sensor pattern S3 3 from the output integrating value 
(reference value) of the sensor pattern 834 becomes 
equal to a variation amount of the output integrating 
value of the sensor pattern SO obtained when the light 
beam passage position is changed by 4 2.3 /im. 

Therefore, the light beam passage position is 
so controlled that a difference between the output 
integrating value of the sensor pattern SO by the first 
light beam and the output integrating value of the 
sensor pattern SO by the second light beam will become 
equal to a difference between the output integrating 
values obtained when the light beam passes on the 
sensor patterns S34 and S33. As a result, the first 
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and second light beams scan the light beam detecting 
device 38 with a distance of 42.3 nm set apart from 
each other in the sub-scanning direction. 

Further, for example, a value obtained ty 
5 subtracting the output integrating value of the sensor 
pattern S32 from the output integrating value 
(reference value) of the sensor pattern S34 becomes 
equal to a variation amount of the output integrating 
value of the sensor pattern SO obtained when the light 

10 beam passage position is changed by 63.5 {ixa. 

Therefore, the light beam passage position is so 
controlled that a difference between the output 
integrating value of the sensor pattern SO by the 
reference light beam and the output integrating value 

15 of the sensor pattern SO by the to-be-controlled light 

beam will become equal to a difference between the 
output integrating values obtained when the light beam 
passes on the sensor patterns 534 and 832 7- As a result, 
the reference and to-be-controlled light beams scan 

20 the light beam detecting device 38 with a distance of 

63.5 Atm set apart from each other in the sub-scanning 
direction . 

The operation for controlling the light beam 
passage position by using the light beam detecting 
2 5 device 38 of FIG. 21 has been explained above. 

Next, a method for controlling the light beam 
passage position by use of the same principle is 
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explained. 

FIG. 23 shows a light beam detecting device 38 

having sensor patterns S4, S40, S41, S42 in addition to 
the sensor patterns SI, SO, S2 using the priliciple of 
5 this invention for detecting the light beam passage 

position . 

The principle used for control is the same as that 
used in the case of FIG. 21, but it is featured in the 
difference between the sizes of the sensor patterns S41 
^: 10 and 542 in the main scanning direction. That is, the 

^ size D21 of the sensor pattern S42 in the main scanning 

ffl direction is 1024 ^m, for example, and the size D20 of 

O the sensor pattern S41 in the main scanning direction 

fy 

O is 974 (xm, for example. A difference between the sizes 

05 

□ 15 of D21 and D20 is 50 ixm. As shown in FIG. 23, the 

difference is equal to the light beam traveling 
distance on the sensor pattern SO when the light beam 
passage position is changed by 100 jum in the main 
scanning direction. 

20 Therefore, for example, a value obtained by 

subtracting the output integrating value of the 
sensor pattern S41 from the output integrating value 
(reference value) of the sensor pattern S42 becomes 
equal to a variation amount of the output integrating 

25 value of the sensor pattern SO obtained when the light 

beam passage position on the sensor pattern SO is 
changed by 100 Aim. That is, a variation amount of the 
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output integrating value of the sensor pattern SO with 
respect to a variation of 100 p.m of the light beam 
passage position in the sub-scanning direction can be 
obtained. The relation can be used for contTrolling the 
5 light beam passage position. 

Also, in this embodiment, like the control method 
using the light beam detecting device 38 shown in 
FIGS. 18 and 19, the above relation (a variation amount 

0 of the output integrating value of the sensor pattern 

O 

01 10 so obtained when the light beam passage position is 
ffl changed by 100 Atra) can be easily derived by changing 

g the setting value to the D/A converter 61 of FIG. 5 and 

n the setting value to the differential amplifier 60. 

m , . 

p By using the above relation, the passage position 

ffi 

S 15 of the to-be-controlled light beam is changed so that 

the output integrating value of the sensor pattern SO 
by the reference light beam and the output integrating 
value of the sensor pattern SO by the to-be-controlled 
light beam can be set to a preset relation. As a 

20 result, the light beams scan the light beam detecting 

device 38 with a preset distance therebetween. 

As described above, according to this invention, 
a light beam scanning apparatus can be provided in 
which the relative and absolute scanning positions of 

25 the light beam can be precisely detected in a wide 

range and the scanning position of the light beam can 
be controlled to a preset position by use of the least 



sufficient number of actuators for controlling the 
light beam passage position. 

Additional advantages and modifications will 
readily occur to those skilled in the art. "Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents . 



